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ABSTRACT
We use mid-IR to UV observations to derive a mean attenuation curve out to the rest-
frame extreme ultraviolet (EUV) for ‘BAL dust’ – the dust causing the additional
extinction of active galactic nuclei (AGNs) with broad absorption lines (BALQSOs).
In contrast to the normal, relatively flat, mean AGN attenuation curve, BAL dust is
well fit by a steeply rising, SMC-like curve. We confirm the shape of the theoretical
Weingartner & Draine SMC curve out to 700 A˚ but the drop in attenuation at still
shorter wavelengths is less than predicted. The identical attenuation curve for low-
ionization BALQSOs (LoBALs) does not support them being a “break out” phase
in the life of AGNs. Although attenuation in the optical due to BAL dust is low
(E(B−V ) ∼ 0.03−0.05), the attenuation rises to one magnitude in the EUV because
of the steep extinction curve. Here the dust optical depth is at the optimum value for
radiative acceleration of dusty gas. Because the spectral energy distribution of AGNs
peaks in the EUV where the optical depth is highest, the force on the dust dominates
the acceleration of BAL gas. For LoBALs we get a negative attenuation curve in the
optical. This is naturally explained if there is more light scattered into our line of sight
in LoBALs compared with non-BALQSOs. We suggest that this and partial covering
are causes of attenuation curves appearing to be steeper in the UV that the SMC
curve.
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1 INTRODUCTION
Broad absorption lines (BALs) have been known in active
galactic nuclei (AGNs) for a long time (Lynds 1967), but
the cause of the very high velocity outflows in broad absorp-
tion line AGNs (BALQSOs) remains poorly understood. It
was initially widely assumed that there was no dust asso-
ciated with the BAL gas. However, Weymann et al. (1991)
noticed that while BALQSOs showing high-ionization BALs
(so called HiBALs) appeared to have similar spectral proper-
ties to non-BALQSOs, the subset of BALQSOs showing low-
ionization BALs (LoBALs) appeared to have significantly
redder UV continua. They also reported that the UV con-
tinua of HiBALs might be somewhat redder than the con-
tinua of non-BALQSOs. Sprayberry & Foltz (1992) showed
that the differences in the spectral energy distributions of
⋆ E-mail: mgaskell@ucsc.edu
LoBALs and HiBALs could be explained by greater extinc-
tion in the LoBALs so long as the reddening curve lacked
the λ2175 absorption feature. At that time the only known
reddening curve lacking λ2175 absorption was the extinc-
tion curve for the Small Magellanic Cloudy (SMC) and this
gave an excess reddening for LoBALs of E(B − V ) ∼ 0.1.
Yamomoto & Vansevicius (1999) showed that not only LoB-
ALs but also HiBALs were reddened compared with non-
BALQSOs. Considering only radio-loud AGNs and assum-
ing an SMC curve, Brotherton et al. (2001) found mean red-
denings of E(B−V ) ∼ 0.04 and∼ 0.10 for HiBALs and LoB-
ALs respectively relative to non-BALQSOs. Reichard et al.
(2003), again assuming an SMC reddening curve, similarly
found mean reddenings of E(B − V ) ∼ 0.02 and ∼ 0.08 re-
spectively for optically-selected HiBALs and LoBALS from
the SDSS. The somewhat lower mean excess reddenings for
the SDSS BALQSOs are expected since, as Reichard et al.
(2003) note, the sample of Brotherton et al. (2001) was se-
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lected at longer wavelengths and is thus more robust against
losing reddened AGNs from the sample.
Following Sprayberry & Foltz (1992), studies of the ex-
cess extinction associated with BALQSOs have assumed
that the extinction curve of the dust is an SMC-like curve be-
cause of the lack of λ2175 absorption. However, subsequent
work has shown that there are other extinction curves lack-
ing λ2175 absorption. Firstly, Calzetti et al. (1994) showed
that the empirical attenuation curve1 for star-burst galaxies
is flatter than the standard Milky Way curve in the ultra-
violet and completely lacks the λ2175 feature. Gaskell et al.
(2004) then discovered that the mean attenuation curve
for AGNs is even flatter in the ultraviolet and also lack-
ing the λ2175 feature. Shallow mean attenuation curves for
AGNs were also empirically obtained by Czerny et al. (2004)
and Gaskell & Benker (2007). All these curves are shown in
Figure 1. It can be seen that the Calzetti et al. curve is
close to the mean AGN curves of Czerny et al. (2004) and
Gaskell & Benker (2007) except at the very shortest wave-
lengths.
An important point Yamomoto & Vansevicius (1999)
showed (see their Figure 4) is that the flatter Calzetti et al.
curve can explain the excess reddening of BALQSOs just
as well as a steep SMC-like curve. Since the Czerny et al.
(2004) and Gaskell & Benker (2007) curves are essentially
indistinguishable from the Calzetti et al. curve except at
the shortest wavelengths (see Figure 1), this means that
those curves might explain the reddening of ultraviolet spec-
tral energy distributions (SEDs) of BALQSOs too. How-
ever, for a given change of UV spectral slope, the cor-
responding E(B − V ) for attenuation curves such as the
Gaskell & Benker (2007) mean AGN curve is greater than
for SMC-like curves. To know the total attenuation and cor-
rect the overall SED of BALQSOs it is therefore necessary
to know the form of the attenuation curve.
Determining this and the amount of dust associated
with the high-velocity outflows of BALQSOs is also impor-
tant because, as Scoville & Norman (1995) pointed out (see
also Zhang et al. 2014), dusty gas will be accelerated radi-
ally outwards by the high radiation pressure efficiency of
dust mixed with gas if the gas is exposed to the central
radiation field, which is certainly the case for BAL gas.
It has been suggested that the continuum shape of an
AGN is a factor in whether an AGN has BALs or not (e.g.,
Baskin et al. 2013). To ascertain the extent to which this is
true we need to know the attenuation and the form of the
attenuation curve.
1 We will follow the convention of speaking of ‘attenuation curves’
when the light received on the earth includes light scattered into
the beam, and ‘extinction curves’ when the scattered light in-
cluded in the mean is negligible. Calzetti et al. (1994) considered
various source and dust geometries for starburst galaxies (see
their sections 4 & 5) and showed that the geometry of the dust
distribution alone could not explain their observational results
if the attenuation curve was like the Milky Way or Large Magel-
lanic Cloud and that fundamentally different dust properties were
needed. Their empirical attenuation curve (see their Section 6.2)
was derived assuming that the dust is a uniform screen in front
of the light source. This geometry is appropriate for AGNs since
the accretion disc and torus restrict our view to the nearside of
the AGN.
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Figure 1. Attenuation estimates (green dots) for non-BALQSOs
in the redshift range 1.2 < z < 1.4 compared with different atten-
uation and extinction curves. All attenuations have been set to
zero in the rest-frame K band (2.2 µm) and the curves have been
normalized to the observed V -band attenuation. From bottom to
top the curves are the Gaskell et al. (2004) curve for radio-loud
AGNs (grey), the mean curve derived here for non-BALQSOs
with redshift > 1.2 (blue), the Gaskell & Benker (2007) curve
(green) for mostly radio-quiet AGNs, the Calzetti et al. (1994)
curve for starburst galaxies (orange), and the SMC extinction
curve (red). The Czerny et al. (2004) curve for optically-selected
AGNs is very close to the Gaskell & Benker (2007) mean AGN
curve and is not plotted separately.
In this paper we therefore determine the attenuation
curve for the extra dust associated with BALQSOs. For
brevity we will simply refer to this as ‘BAL dust’. Strictly
speaking we can only say that the dust is along our line of
sight and not that is is necessarily mixed in with the BAL
gas itself. It could be some other extra extinction that hap-
pens to be present on average when BALs are seen, but,
as will be discussed below, this seems a less likely explana-
tion. To determine the mean attenuation curve for BAL dust
it is necessary to extend comparisons of observed SEDs to
the rest-frame IR. Maddox & Hewett (2008) used UKIRT
Infrared Deep Sky Survey K-band and SDSS i-band pho-
tometry to investigate the attenuation curves of BALQSOs.
They concluded that the attenuation curve was intermedi-
ate between an SMC-like curve and the Gaskell & Benker
(2007) curve. There are three things to note however: (1)
the range of wavelengths used by Maddox & Hewett (2008)
was only a factor of two, (2) it did not extend into the rest-
frame IR of the AGNs, and (3) it covered different spectral
regions at different redshifts because it was at fixed observed
wavelengths. In our study, to get around these problems, we
use mid-IR photometry from the WISE satellite in order to
obtain the rest frame 2.2 µm fluxes for the AGNs.
2 SAMPLE AND ANALYSIS
We used the large Data Release 10 (DR 10) sample of
166,583 AGNs (Paˆris et al. 2014). Since previous work (see
above) shows that BALQSOs are more reddened that non-
BALQSOs, and hence fainter in the UV, we matched the
c© 2017 RAS, MNRAS 000, 1–??
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two samples in the rest-frame K band (2.2 µm) where the
difference in extinction is small. 2.2 µm is also near the peak
of emission by the hottest dust in an AGN and at this
wavelength this emission dominates over the host-galaxy
starlight. We estimated the 2.2 µm rest frame flux by inter-
polating between the mid-IR photometric points observed
by the WISE satellite. We excluded AGNs with no WISE
detections or with warning flags. This reduced the sample to
85,387 AGNs. The BALQSO sample consisted of the sub-
set of 11,211 of these AGNs for which Paˆris et al. (2014)
had assigned a BAL flag. To extend the reddening curves
to shorter wavelengths we used GALEX FUV (λ1540) and
NUV (λ2220) photometry.
To eliminate the possibility of a luminosity-dependence
of the intrinsic continuum shape we constructed a non-
BALQSO sample matched in redshift and 2.2 µm rest frame
luminosity. The list of 85,387 AGNs was sorted by redshift
and then for each of the 11,211 BALQSOs we chose two non-
BALQSOs of similar redshift and similar 2.2 µm luminosity.
2.1 Determining attenuation curves for BAL dust
Attenuation curves for BAL dust were obtained by com-
paring the BALQSOs with the luminosity- and redshift-
matched, non-BALQSO sample. We determined flux ratios
with respect to the rest-frame 2.2 µm flux for the FUV ,
NUV , u, g, r, i, and z pass bands each AGN. AGNs were
grouped into redshift bins of (0.4 – 0.6), (0.6 – 0.8), (0.8 –
1.0), . . . , (2.4 – 2.6). The reason for matching in redshift
and restricting the comparisons to redshift bins was so that
the effects of emission lines on the filters were similar for
the BALQSOs and non-BALQSOs. For each redshift bin at-
tenuation curves were determined using the standard pair
method by comparing the seven flux ratios. We made no
allowance for the small effect of the broad absorption lines
themselves on the fluxes in the passbands.
A significant fraction of the AGNs did not have GALEX
detections, especially in the FUV band. To allow for non-
detections, and to minimize the effects of flux measurements
with large uncertainties, we used non-parametric statistics.
Although the medians could be compared for most subsam-
ples, we chose to compare upper quartiles because the num-
ber of non-detections in the FUV band was ∼ 50% for some
subsamples.
2.2 Determining mean attenuation curves for
non-BALQSOs
As a check and for comparison we also determined reddening
curves by the same method (i.e., comparing 75th percentiles
in redshift bins) for the non-BALQSOs. We simply divided
the 74,176 non-BALQSOs into two halves based on the rest
frame 2.2 µm to λ3000 colour. We chose λ3000 because it is a
short enough wavelength to reduce the influence of the host
galaxy starlight but still at a long enough wavelength that
the reddening curves do not deviate too much (see Figure
1).2
2 Choosing a shorter wavelength would bias the red half of the
distribution towards AGNs with steep reddening curves.
3 RESULTS
3.1 Reddening of non-BALQSOs
In Figure 1 we show the average attenuation curve for all
the non-BALQSOs with 1.2 < z < 2.4 compared with the
various previously considered reddening curves discussed
above. We also show an example of the attenuations in
the seven filters for one of the redshift subsamples of non-
BALQSOs (the green circles). Individual AGNs show a va-
riety of attenuation curves (Gaskell & Benker 2007) but the
average curve is relatively flat. Attenuation curves for non-
BALQSOs, the dependence of these curves on various fac-
tors, and issues such as the fraction of AGNs with steep
SMC-like curves and the effect of selection effects, will be
discussed at length in a separate paper. The reason for show-
ing the average attenuation curve for the non-BALQSOs
here is to show that our method of analysis described above
produces relatively flat AGN attenuation curves for the non-
BALQSOs in agreement with previous results (Gaskell et al.
2004; Czerny et al. 2004; Gaskell & Benker 2007).
Because we divided the sample of non-BALQSOs in half
by colour, the amount of attenuation we measure is approx-
imately the mean attenuation of non-BALQSOs. It can be
seen that the attenuations shown in Figure 1 correspond
to an extinction in the V band of AV ≈ 0.4 which cor-
responds to E(B − V ) ≈ 0.15. As will be discussed else-
where, the lower redshift, lower luminosity non-BALQSOs
have greater reddenings. These are consistent with the red-
denings found from the broad Hα/Hβ ratio (see Dong et al.
2008 and Gaskell 2015).
3.2 The attenuation curve for BAL dust in
HiBALs
Figure 2 shows the attenuation curves found for BAL dust in
BALQSOs with z > 1.4. Trump et al. (2006) find that only
∼ 1% of SDSS AGNs are LoBALs so the z > 1.4 BALQSOs
are overwhelmingly HiBALs. It can be seen that, in striking
contrast to the attenuation curves for non-BALQSOs shown
in Figure 1, the attenuation curves for the BALQSOs are all
much steeper and, furthermore, that in every case they are in
excellent agreement with the SMC curve for 1/λ < 10 µm−1
although the mean reddening differs from bin to bin.3 There
is no evidence for redshift or luminosity dependence in the
shape of the attenuation curves. It can also be seen that,
as expected, the broad absorption lines themselves in the
spectra have only a small effect on the fluxes in a passband.
For example, broad C iv and Si iv absorption troughs will
cause the exinction at 7 µm−1 to be a little higher. This is
barely detectable in Figure 2.
3.3 The attenuation curve for BAL dust in
LoBALs
Figure 3 shows the attenuation curves for BALQSOs with
z < 1.4. These AGNs are all LoBALs since broad absorp-
tion in C iv cannot be detected in SDSS spectra for z < 1.4.
3 It should be remembered that SDSS AGNs are mostly colour
selected and that this selection is redshift dependent.
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Figure 2. Attenuation curves for the additional attenuation
due to ‘BAL dust’ in HiBALs. Theoretical SMC curves from
Weingartner & Draine (2001) (dashed lines) have been fit to the
attenuation estimates for each bin. Attenuation curves and fits
for successive redshift bins have been displaced upwards by 0.5
or 1.0 magnitudes for convenience. The lowest curves are for
1.4 6 z < 1.6 and z increases by 0.2 for successive curves. The av-
erage attenuation curve for non-BALQSOs estimated by the same
method (see Figure 1) is shown as a solid black line at the bot-
tom. It can be seen that the SMC curve is an excellent fit to each
curve for 1/λ < 10 µm−1, and that the curves are all radically
different from the mean attenuation curve for non-BALQSOs.
An unexpected result is that the attenuations of these LoB-
ALs are negative in the optical and show a downward slope
from the rest-frame K band (the black square in Figure 3).
Negative attenuations means that there is either extra light
at shorter wavelengths in the LoBALs compared with the
non-BALQSOs or less emission at 2.2 µm (see discussion in
Section 4.3 below).
3.4 Magnitude of the extinction by BAL dust
From each fit of an SMC curve to an observed attenuation
curve we obtain E(B − V ). We show the distribution of
E(B − V ) for the LoBALs and HiBALs in Figure 4. The
mean E(B − V ) for the HiBALs is 0.027, in good agree-
ment with previous studies using SDSS-selected BALQSOs
(e.g., Reichard et al. 2003; Dai et al. 2008; Pu 2014). This
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Figure 3. Attenuation curves for the excess extinction in LoB-
ALs in different redshift bins. The purple lines and circles are for
0.4 6 z < 0.6, the blue lines and triangles for 0.6 6 z < 0.8, the
green lines and asterisks for 0.8 6 z < 1.0, the orange lines and
squares for 1.0 6 z < 1.2, and the red lines and diamonds for
1.2 6 z < 1.4. The black dashed line is the theoretical SMC curve
of Weingartner & Draine (2001) normalized to E(B − V ) = 0.05
to match the observed attenuations for the two highest redshift
bins. By construction all of the attenuation curves would pass
through zero at 2.2 µm (shown by the black square) but an ad-
ditional, lower symbol has been added on the left at 2.2 µm for
each attenuation curve to indicate the offset due to added scat-
tered light – see discussion in the text. (The attenuations in the
GALEX bands have been omitted for the lower-redshift subgroups
because the smaller sample sizes in these bins coupled with the
large uncertainties in the GALEX fluxes makes the comparison
very uncertain.)
is several times less than the optical reddening for a typical
AGN from normal AGN dust as can be seen by compar-
ing the attenuation curve for the lowest redshift sample in
Figure 2 with the mean reddening curve for non-BALs. The
additional attenuation in the optical for HiBALs is thus of
the order of ∼ 20% of the total optical extinction. For the
z < 1.4 LoBALs the mean E(B − V ) is 0.045. In agreement
with previous studies (e.g., Reichard et al. 2003; Pu 2014),
this is greater than for the HiBALs. However, we note that
the HiBALs show a decline in E(B − V ) with redshift and
that the LoBALs are consistent with the low-redshift extrap-
olation of this (see Figure 4). Since we have a magnitude-
limited sample the decline with redshift corresponds to a
decline in E(B − V ) with increasing luminosity. This trans-
lates into a mean luminosity increase by a factor of 5 for
the LoBALs as the redshift increases, and a factor of 3 for
the HiBALs. It will clearly be important in future studies to
investigate the possibility of luminosity-dependent redden-
ing of BALQSOs and the effect this could have on detection
rates for BALQSOs of all classes (see, for example, Dai et al.
2012).
c© 2017 RAS, MNRAS 000, 1–??
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Figure 4. The mean reddenings, E(B−V ) for each redshift bin.
Filled circles are LoBALs and open circles are HiBALs. The line
is a least-squares fit.
4 DISCUSSION
4.1 The attenuation curve for BAL dust
We have combined the attenuation curves shown in Figure
2 to produce a mean attenuation curve for BAL dust. This
is shown in Figure 5. This clearly shows that BAL dust does
indeed have an SMC-like attenuation curve, as has generally
been assumed. This is true both for LoBALs and HiBALs.
As can be see from Figure 2 and 4 there is close agreement
between the BAL dust attenuation curves and the SMC ex-
tinction curve for 1/λ < 10 µm−1.
4.2 Extending the SMC-type extinction curve to
the extreme ultraviolet
Because the extinction curve for the SMC has been de-
termined from comparison of fluxes of stars at low red-
shift, it has only been determined observationally to 1/λ =
8 µm−1 (Rocca-Volmerange et al. 1981; Nandy et al. 1982;
Prevot et al. 1984). To extrapolate to 1/λ > 8 µm−1 one
has to depend on theoretical extinction curves from grain
models. In Figures 2 and 3 we have used the theoretical SMC
extinction curve model of Weingartner & Draine (2001).
Our composite BAL attenuation curve (Figure 5) provides
important support for their prediction that an SMC-like
curve continues to rise steeply out to 1/λ > 14 µm−1. For
1/λ = 14 µm−1 the Weingartner & Draine SMC model pre-
dicts a sharp drop in the extinction. Although the uncertain-
ties are larger for attenuations calculated from the GALEX
filters, our results (see Figure 5) show that the attenuation
curve does indeed continue its sharp rise into the extreme
ultraviolet (EUV) and then declines. However, if the SEDs
of BALQSOs and non-BALQSOs are intrinsically the same
in the EUV, as we are assuming, the decline is not as great
as predicted by the Weingartner & Draine SMC model. It
would be interesting in the future to construct EUV attenu-
ation curves for samples matched in the equivalent width of
the He ii λ1640 emission line (see Baskin et al. 2013) since
this is a good probe of the intrinsic EUV continuum. If the
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Figure 5. Attenuations for BALQSOs (points) compared
with the theoretical SMC extinction curve (red curve) of
Weingartner & Draine (2001). The points are taken from the red-
shift subsets shown in Figure 2, but have been divided by the
E(B − V ) of the subset determined from the fits to the theoreti-
cal SMC curve for 1/λ < 10 µm−1.
difference between the observed and predicted curves beyond
15 µ−1 is real it could imply a somewhat different grain size
distribution from that assumed in the Weingartner & Draine
SMC model (B. T. Draine, private communication).
4.3 The origin of the ‘negative’ attenuation in
LoBALs
Perhaps our most surprising result (see section 3.3 and Fig-
ure 3) is the apparently negative attenuation for LoBALs.
This implies that, compared with non-BALQSOs, the LoB-
ALs have extra light relative to their rest-frame 2.2 µm
fluxes on average. This could either be because the LoB-
ALs have less reprocessing of radiation by dust (i.e., by the
hot dust dominating the 2.2 µm emission) or that they have
additional light at shorter wavelengths. Given that the loB-
ALs have higher extinction and hence more dust in general,
having less thermal emission by dust would seem unlikely.
Instead, the easiest explanation is that, on average, LoBALs
have more scattered light than non-BALQSOs and HiBALs.
In this scenario there is more dust causing extinction along
the line of sight in LoBALs, as is observed, but also more
dust off the line of sight causing scattered light. As can be see
in Figure 3, a simple decrease of theK-band fluxes by∼ 25%
or a corresponding addition of scattered light at shorter
wavelengths brings the shape of the attenuation curves into
agreement with the SMC-like curve like the HiBALs. Since
dust is strongly forward scattering a large covering factor is
not needed so long as the dust doing the scattering is close
to our line of sight. We are assuming here that the scat-
tered light spectrum is relatively flat. This will be the case
if the scattering dust is optically thick (see Zubko & Laor
2000; Kishimoto et al. 2001 and discussion in section 4.4 of
Goosmann & Gaskell 2007). For the scattered light expla-
nation to work the scattering must mostly take place either
c© 2017 RAS, MNRAS 000, 1–??
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inside the extended region producing the 2.2 µm emission
or so that the scattering angle is less favourable.
4.4 Explaining apparently ‘steeper-than-SMC’
extinction curves
After correction for the slight difference in relative mean
rest-frame 2.2 µm fluxes (see section 3.3) the overall atten-
uation curve for LoBALs is well fit by an SMC curve (see
Figure 3). There are, however, some small-scale deviations
from the SMC curve. We believe that these small features
are due to real spectral differences between the LoBALs and
the control non-BALQSO sample. In Figure 3 there is a dip
in the extinction curve around 4000 - 5000 A˚. Inspection of
the spectra of the LoBALs shows that this is indeed a result
of a difference in the spectra. It is the well-known, strong,
broad optical Fe ii emission in LoBALs.
The higher-redshift LoBALs in Figure 3 show a local
flattening of the attenuation curve from λ3000 to λ2000.
We suspect this to be a result of the different Fe ii emission
properties of LoBALs and non-BALQSOs – in this case the
Fe ii emission of the so-called ‘small blue bump’ Hall et al.
(2002) have suggested that the UV SEDs (λ < 3000 A˚)
of some LoBALs require a reddening curve that is steeper
than the SMC curve. We believe this to be due in some
cases to the apparent (but probably spurious) flattening of
our LoBAL attenuation curve from λ3000 to λ2000. It has
to be recognized that when there is no coverage to the IR,
one has freedom in how to normalize an observed attenua-
tion curve. Hall et al. (2002) did not have observations long-
wards of λ3000. If one chooses to normalize an SMC curve
from λ3000 to λ2000 then attenuation shortwards of λ2000
appears to rise faster than an SMC curve. However, it one
normalizes an SMC curve shortwards of λ2000 this gives an
attenuation curve from λ3000 to λ2000 that is flatter than
an SMC curve. In our case we have longer-wavelength obser-
vations (see Figure 3) and these show that the attenuation
curve is just locally flat from λ3000 to λ2000.
Although a steep SMC-like reddening curve usu-
ally successfully makes the SED of an non-BALQSO
match a BALQSO (see, for example, the spectra in
Urrutia et al. 2009), there are AGNs for which observa-
tions to longer wavelengths suggest that the attenuation
curve in some cases continues to be flat to long wave-
lengths (Meusinger et al. 2005; Zhou 2006; Fynbo et al.
2013; Jiang et al. 2013)). For the attenuation curves for the
1.0 < z < 1.4 AGNs in Figure 3, note that if there were no
information for wavelengths longer than 5000A˚, the curves
would appear to be rising faster than an SMC curve.
We suggest that in cases where there is a flatter attenua-
tion curve at long wavelengths another explanation could be
partial coverage of the inner regions of the AGN by the BAL
dust. There have long been multiple lines of evidence for par-
tial coverage by BAL gas (see, for example, Hamann et al.
2002 and references therein). This means that the size of
a typical BAL cloud is similar to, or smaller than, the size
of the background continuum light source. If we are correct
that the BAL dust is mixed with the BAL gas, there will be
partial coverage of the continuum by the dust. BALQSOs
are selected by their UV absorption lines so the BAL clouds
partially or totally cover the part of the accretion disc emit-
ting the UV. If the BAL cloud is comparable in size to this
inner region of the disc, then the cloud will quite likely be
smaller than the much larger outer region dominating the
optical emission. We found that construction of a simple toy
model with this geometry easily produced an effective atten-
uation curve that was SMC-like at shorter wavelengths and
flat at longer wavelengths.
4.5 The nature of LoBALs
A popular idea for the origin of LoBALs (and especially the
extreme FeLoBALs) is that they are ‘young’ AGNs. In such
models the AGN is initially obscured inside a dusty starburst
until what has been called the ‘blowout’ phase when a strong
outflow driven by the starburst or by an outflow from the
AGN itself stops the starburst and uncovers the AGN (see,
for example, Hopkins et al. 2005).
The SMC-like attenuation curve we find for the extra
attenuation in HiBALs and LoBALs does not favour LoB-
ALs being young AGNs breaking out of their cocoons. This
is because, both in the Milky Way and in starburst galaxies,
star-forming regions do not have SMC-like extinction curves
Calzetti et al. (1994). This difference plus the similarity of
HiBAL attenuation curves to the LoBAL attenuation curves
suggests that the dust is associated with outflows themselves
and not with a star-forming cocoon around a young AGN.
As Herbst et al. (2016) note, despite the popularity in
the AGN feedback community of the idea of LoBALs be-
ing young AGNs, there is little observational support for
this picture. Violino et al. (2016) find no evidence from sub-
mm observations of FeLoBALs for cold starbursts and they
find that the sub-mm properties of matched samples of
BALs and non-BALs are indistiguishable. From HST imag-
ing Herbst et al. (2016) find that FeLoBALs appear to reside
in faint, compact hosts with weak or absent merger signa-
tures.
4.6 Acceleration of BAL outflows
High-velocity outflows of early-type stars result from the
absorption and scattering of line radiation from the intense
radiation field (Castor et al. 1975; Cassinelli 1979). A simi-
lar mechanism has been widely considered to drive outflows
in BALQSOs (e.g., Drew & Boksenberg 1984). The effec-
tiveness of radiation pressure in driving winds depends on
the fraction of energy (and hence momentum) removed from
the radiation field. For line-driven winds it depends on the
fraction of the spectrum intercepted by the blueshifted reso-
nance lines. If the absorbing gas is too highly ionized (‘ove-
rionized’) there are fewer resonance lines to intercept the
radiation and the acceleration is less effective. However, if
there is dust associated with the gas this also absorbs ra-
diation. If the dust and gas are coupled, as will happen if
the grains are charged, the radiation pressure on the dust
will drive the outflow (see Cassinelli 1979). Such dust-driven
winds are well known and drive the very high mass loss rates
in cool stars.
The relative effectiveness of line driving versus dust
driving is easy to derive empirically – one simply needs to
know how much energy is taken out of the spectrum by each
mechanism. This is given by Figures 2 and 3. It can readily
be seen that far more energy is taken out of the spectrum
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by dust than by absorption lines. Although the attenuation
is low in the optical, it is of the order of a whole magnitude
in the EUV, and this is precisely where the energy output
of AGNs is greatest (see Figure 2 of Gaskell 2008). Thus, as
suggested by Scoville & Norman (1995) and discussed more
recently by Zhang et al. (2014), it is radiation pressure on
dust which drives BAL outflows. Furthermore, one magni-
tude of extinction, corresponding to an optical depth, τ ∼ 1,
is the optimum value for driving an outflow. This is because
if τ ≪ 1, little radiation, and hence little momentum, is ab-
sorbed, while if τ ≫ 1, the acceleration is low because of
mass loading.
Strong broad lines of abundant species like C iv are typ-
ically very optically thick. When PV is present the column
density, NH can be > 10
23 cm−2 (e.g., Moravec et al. 2016).
Hamann et al. (2002) point out that NH is this large, it
presents a serious challenge to models of radiatively-driven
BAL outflows. The large fraction of radiation intercepted by
dust removes this problem.
4.7 The dust-to-gas ratio in BAL clouds
While the mean reddening of BAL outflows is fairly well
determined here, there is uncertainty in column densities. If
a HiBAL has a column density of NH ∼ 10
20
− 1021 cm−2
this corresponds to E(B − V ) ∼ 0.02 − 0.3 if we assume
a standard Galactic gas-to-dust ratio of NH/E(B − V ) =
5.8 × 1021 (Bohlin et al. 1978). Thus the reddenings found
here are consistent with a Galactic gas-to-dust ratio.
4.8 The spectral energy distributions of
BALQSOs
Given the success of an SMC-like curve in explaining the
differences between BALQSOs (both LoBALs and HiBALs)
and non-BALQSOs we find no evidence for major differences
between the intrinsic differences in the SEDs of BALQSOs
compared with non-BALQSOs. Previously suggested differ-
ences (such as an apparent IR excess) are simply the ef-
fects of reddening. The apparent similarity of the under-
lying SEDs creates problems for the idea that whether or
not a BAL system is formed is determined by the SED. At
best, any systematic difference for HiBAL SEDs has to be
at wavelengths shorter than 400A˚.
4.9 Comparing emission-line properties of
BALQSOs and non-BALQSOs
The emission-line properties of BALQSOs and non-
BALQSOs show some subtle differences. Corbin (1990)
found BALQSOs to have lower C iv emission-line equivalent
widths and a greater blueshifting of the C iv emission-line.
Weymann et al. (1991) suggested that these small emission-
line differences could be due to a systematic difference in
viewing angle, coupled with a mild anisotropy in the angular
distribution of the flux of the emission lines. We suggest in-
stead that the differences are not real but are a consequence
of matching AGNs in the UV. Because of the greater ex-
tinction of BALQSOs, a BALQSO of the same apparent UV
brightness as a non-BALQSO is really intrinsically more lu-
minous. The equivalent width of C iv emission declines with
increasing luminosity (the ‘Baldwin effect’ – Baldwin et al.
1978) and so will be slighly lower for the BALQSO. There
will be a systematically slightly greater blueshift of C iv
since the blueshifting is correlated with the Baldwin effect
(Corbin 1990). These emission-line differences should not
show up in samples matched in the rest-frame IR.
4.10 The diversity of reddening curves seen in
AGNs
Gaskell & Benker (2007) present reddening curves for indi-
vidual AGNs with near-simultaneous UV and optical spec-
tra and find a diversity of reddening curves including one
SMC-like reddening curve. Their mean reddening curve is
indistinguishable from the Czerny et al. (2004) one (see Fig-
ure 1). Looking at red AGNs naturally favors finding steep,
SMC-like reddening curves. From a study of red SDSS AGNs
Richards et al. (2003) suggested that the reddening curve
for AGNs is an SMC-like curve. However, if one considers
all AGNs, the mean reddening curve is flat. For example,
Czerny et al. (2004) using the standard pair method get
a relatively flat reddening curve (shown in Figure 1) from
SDSS AGNs. What is significant is that they used essentially
the same sample of SDSS AGNs as Richards et al. (2003).
An indication that an SMC-like curve is not appropriate for
all AGNs is the statement by Richards et al. (2003) that at-
tempting to explain their large color-segregated composites
generally with reddening “results in good matches at both
1700 and 4040 A˚ but overpredicts the flux between these
two wavelengths and underpredicts the flux shortward of
C iv.” As Gaskell et al. (2004) note, this is exactly what is
predicted by the flatter AGN reddening curve. The cause of
the diversity of reddening curves of AGNs, and, in partic-
ular, why most AGNs show relatively flat reddening curves
will be discussed in a separate paper.
5 CONCLUSIONS
We have derived attenuation curves for the dust causing the
extra attenuation of BALQSOs. Our main conclusions are
as follows:
• Unlike the flat average attenuation curves for non-
BALQSOs, we find a steeply rising, SMC-like attenua-
tion curve for both HiBALs and LoBALs. We have de-
rived this curve to shorter wavelengths than any previ-
ous reddening curves. We find good agreement with the
Weingartner & Draine (2001) theoretical extrapolation of
the SMC curve to 1/λ = 14 µm−1 (700 A˚ or ≈ 17 eV )
but our curve shows somewhat higher extinction out to 400
A˚ (≈ 30 eV).
• The steeply rising attenuation curve for the dust as-
sociated with LoBALs is quite different from the relatively
flat extinction curve for starburst galaxies and the extinc-
tion curves for star-forming regions in the Milky Way. This
does not support the idea that LoBALs are young AGNs in
the process of breaking out of a cocoon of dust. Instead,
the BALQSO attenuation curves favor the extra dust in
both LoBALs and HiBALs being associated with the high-
velocity outflow.
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• The differences in the apparent SEDs of BALQSOs and
non-BALQSOs are consistent with being due to dust and not
to intrinsic differences.
• These differences in apparent SEDs clearly show that
the radiative acceleration of the BAL clouds is dust driven,
like outflows from cool stars, rather than line driven, like the
winds from O stars.
• LoBALs have their attenuation curves offset in a man-
ner which is consistent them having more scattered light
in the optical and UV than HiBALs and non-BALQSOs.
This scattered light and also possible partial coverage of the
central regions of the AGN are probable explanations of at-
tenuation curves that appear to be steeper than an SMC
curve.
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